Abstract. During the Sporadic E Experiment over Kyushu 2 (SEEK-2) campaign, field-aligned irregularities (FAIs) associated with midlatitude sporadic-E (E s ) layers were observed with two backscatter radars, the Lower Thermosphere Profiler Radar (LTPR) and the Frequency Agile Radar (FAR), which were located 40 km apart in Tanegashima, Japan. We conducted observations of FAI echoes from 31 July to 24 August 2002, and the radar data were used to determine launch timing of two sounding rockets on 3 August 2002. Our comparison of echoes obtained by the LTPR and the FAR revealed that echoes often appeared at the FAR about 10 min earlier than they did at the LTPR and were well correlated. This indicates that echoing regions drift with a southward velocity component that maintains the spatial shape. Interferometry observations that were conducted with the LTPR from 3 to 8 August 2002, revealed that the quasi-periodic (QP) striations in the Range-Time-Intensity (RTI) plots were due to the apparent motion of echoing regions across the radar beam including both main and side lobes. In most cases, the echo moved to the east-southeast at an almost constant altitude of 100-110 km, which was along the locus of perpendicularity of the radar line-of-sight to the geomagnetic field line. We found that the QP pattern on the RTI plot reflects the horizontal structure and motion of the E s layer, and that echoing regions seemed to be in one-dimensionally elongated shapes or in chains of patches. Neutral wind velocities from 75 to 105 km altitude were simultaneously derived with meteor echoes from the LTPR. This is the first time-continuous simultaneous observation FAIs and neutral wind with interferometry measurements. Assuming that the echoing regions were drifting with an ambient neutral wind, we found that the echoing region was aligned east-northeastwest-southwest in eight out of ten QP echo events during the SEEK-2 campaign. A range rate was negative (positive),
Introduction
There is a general introduction to this Sporadic E Experiment over Kyushu 2 (SEEK-2) campaign by Yamamoto et al. (2005) . The primary purpose of the radar experiment was to monitor field-aligned irregularities (FAIs) in the ionospheric E-region around rocket flight paths and determine launch timing. The results obtained by radar observations were immediately transferred to the control room of the launch site via a network. We added interferometer capabilities to one of our radars to image the fine structures of FAIs and to derive neutral wind velocities by using meteor echoes. This is the first attempt to observe FAIs and neutral wind velocity simultaneously with interferometry measurements.
Quasi-periodic (QP) echoes are characterized by striations in the Range-Time-Intensity (RTI) plots and the quasiperiodic variation of echo intensity in time with 5-10 min. Since QP echoes were found by Yamamoto et al. (1991) using the Middle and Upper Atmosphere (MU) radar, several theories have been proposed to explain the mechanism behind them. Woodman et al. (1991) pointed out that atmospheric gravity waves could modulate E s layers to keep the plasma unstable and could explain the quasi-periodicity. Tsunoda et al. (1994) proposed a model that E s layers deeply modulated in altitude by atmospheric gravity waves could explain both the striation in the RTI plots and the quasiperiodicity. Modulation of E s layers in altitude extent of a few kilometers were observed by Miller and Smith (1978) by using the Arecibo incoherent scatter radar. However, deeply-modulated E s layers were not found through in-situ observations during the previous SEEK campaign (Fukao et al., 1998) . Using an ionosonde, Ogawa et al. (2002) found that E s layers, where the MU radar detects QP echoes, were not largely distorted in altitude. Maruyama et al. (2000) proposed that inhomogeneous E s layers and external electric field can generate polarization electric fields, which can invoke image striations of irregularities along the geomagnetic field line, and these may invoke gradient-drift plasma instability. Relative motion of unstable regions along the geomagnetic field line to an observer could result in characteristic striations in RTI plots. Results obtained through computer simulations that support this theory including the effects of neutral wind were recently published by Yokoyama et al. (2003a,b) . Larsen (2000) associated the QP echoes with patchy structure in E s layers and pointed out that neutral wind shear instabilities and the associated Kelvin-Helmholtz structure could play an important role in seeding the gradient-drift instability resulting in radar backscatter. Hysell and Burcham (2000) proposed a model where irregularities in randomly distributed unstable plasma patches or blobs in E s layers could produce QP structures due to the effect of refracted radar waves and finite aspect angle sensitivity of irregularities. Wang and Chu (2001) also made observations that supported this model using Chung-Li VHF radar. Although there have been many discussions on the generation mechanism of QP echoes, it has not yet been satisfactorily explained.
Using the MU radar and an ionosonde, Ogawa et al. (2002) found that FAI echoes could be observed when f o E s −f b E s exceeded 1 MHz, where f o E s and f b E s were the maximum reflected and the minimum transparent frequencies in the E s layer, respectively. Since f o E s and f b E s correspond to the highest and lowest plasma density in the E s layer, respectively, they pointed out that the localized plasma density gradient within the E s layer play an important role, which is consistent both with suggestions of both Maruyama et al. (2000) and Hysell and Burcham (2000) . Hysell et al. (2002) found that it was necessary to take into account what effect the refraction of radar waves by dense plasma clouds had in order to explain how QP striations were produced. They also pointed out that echoes resulted from wide azimuth angles to explain very long striations up to 60 km in range extent. Cosgrove and Tsunoda (2002) proposed E s -layer instability, which is at its strongest when the phase front of E s layer distortion is northwest-southeast (see also Tsunoda et al., 2004) . Bernhardt (2002) showed that Kelvin-Helmholtz instability in the neutral atmosphere could modulate E s layers into a quasi-periodic structure. Neutral winds have been assumed to be not only a source of polarization electric field but also a source of the quasi-periodic nature of QP echoes. We used two ionospheric backscatter radars for this study; the first was capable of an interferometry experiment enabling us to investigate the spatial structure of QP echoes. By observing meteor echoes with QP echoes, neutral wind velocity around the E s layers were derived simultaneously.
Observation setup
We installed two ionospheric radars on Tanegashima Island, which is located to the south of the Uchinoura Space Center (USC) as shown in Fig. 1 . The first was a Lower Thermosphere Profiler Radar (LTPR) operating at 31.57 MHz, and 
the second was a Frequency Agile Radar (FAR) operating at 24.515 MHz. The specifications for the two radars are listed in Table 1 .
The LTPR was installed in Tanegashima Space Center (TNSC), the Japan Aerospace Exploration Agency (JAXA) (130.96 • E, 30.38 • N), which we call "Tanegashima South site (TNS)". The LTPR has six receiver channels that enable interferometer observations. We arranged its antennae so that both radar imaging and meteor echo measurement were possible. The antenna array consisted of nine Yagi antennae in a linear and a triangular arrays as shown in Fig. 2 . The transmitting antennae are in the linear array pointed to 30 • to the east from geographic north. The declination angle of the geomagnetic field around the observation region is about −5 • . Six antennae, 1, 2, 5, 7, 8, and 9, formed the receiving array. The triangular array (antennae 1, 2, and 9) was used as a simple interferometer to determine the arrival angles for both the FAI echoes and meteor echoes. Aliasing in space is inevitable, as the shortest distance between antennae is 9.5 m (∼1 wavelength). The antenna patterns for the LTPR are plotted in Fig. 3 . Figure 3 (a) is the two-way antenna pattern where the six receiving antennae are considered. Figure 3 (b) is the two-way pattern where a single antenna is used for receiving. This pattern should apply for interferometry measurements where each antenna is used independently. The LTPR provided information on the occurrence of FAIs which was the most important condition for the rocket launches. Interferometry observations are supposed to provide detailed spatial structures of FAIs.
The FAR was installed in the Tanegashima Meadow of Nishinoomote City (131.03 • E, 30.75 • N), which we call "Tanegashima North site (TNN)". The system had only one receiving channel and its main transmitting beam was pointed to 45 • to the east from the geographic north. The objective of this radar was to determine large scale distribution of FAIs through the LTPR observation as well as to monitor FAI occurrences as a back-up to the LTPR.
The observation areas of the LTPR and the FAR are depicted in Fig. 1 . Due to high aspect angle sensitivity to the geomagnetic field line, radar echoes were mainly expected between two loci of perpendicularity at altitudes of 100 and 120 km for each radar. Because of the coherent nature of FAI echoes, echoes may have been detected not only in the radar main lobe but also in the side lobes. We can see that the area observed by these two radars was relatively narrow to the north-south direction and wide to the east-west. It should be noted that the radars did not observe the ionosphere along rocket trajectories, but observed just north of them.
Both radars were operated from 31 July to 24 August 2002. Due to limitations with data storage and trouble with the system, satisfactory interferometry data from the LTPR was only available from 3 to 8 August. 
FAI echoes observed by LTPR and FAR
Occurrence of FAI echoes which are categorized in several types observed by the LTPR are summarized in Table 2 . QP echoes were observed in 17 nights of 23. Continuous-type echoes were also observed in 3 nights. Low-altitude QP (LQP) echoes were not observed throughout the campaign. There were a lot of echoes with some structures which were not quasi-periodic and categorized in U.D. (Undefined) type.
The echo power measured with the two radars around the rocket launches are in Range-Time-Intensity (RTI) format in Fig. 4 . For the LTPR, echo power received by the Rx array were plotted. The "apparent altitudes" are shown by the right vertical axes of the RTI plots in Fig. 4 as well as the ranges by the left vertical axes. They are calculated from the ranges which are directly measured and the condition of perpendicularity of the radar k-vector and geomagnetic field in the radar main beam direction. Therefore, the "apparent altitudes" may be different from the "true altitudes". The "true altitude" can be determined by interferometry. The first rocket (S310-31) was launched at 2324 JST (=UT+9 h) and the second (S310-32) at 2339 JST. Both the radars observed typical QP echoes for about an hour. The FAR observed echoes from 2245 to 0010 JST, and the LTPR from 2300 to 0030 JST. Both sequences of QP striations looked similar, while there seemed to be some time delay from the FAR to the LTPR. To determine how they were similar and how long the delay was, we calculated the cross-correlations of temporal variations for echo power observed with the FAR and the LTPR at the range of each radar where the average echo power was strongest. We applied a low-pass filter with a cutoff period of 5 min to the temporal variations for echo power.
A maximum correlation of 0.73 was obtained at a −19.5 min lag (negative lag means that the FAR observed echoes prior to the LTPR). This indicates that there are large-scale structures propagating from the FAR's observation region to the LTPR's, which are horizontally separated by about 80 km. It should be noted that this velocity is apparent phase velocity, since the direction of propagation was not known. We did the same analysis for 20 events where the LTPR and the FAR observed FAI echoes simultaneously during the whole observation period. Figure 5 plots the distribution of lag between the LTPR and the FAR. In most of events, the FAR observed echoes prior to the LTPR by about 10 min. This means that FAI echoing regions propagate to a certain preferential direction. However, the precise propagation directions and velocities cannot be determined with this analysis.
Interferometry observation of FAIs
We used the triangle array (antennae 1, 2, and 9 in Fig. 2 ) for the LTPR for interferometry data analysis in this paper. Since the shortest baseline was longer than half the wavelength (about one wavelength), multiple solutions for the arrival angle of an echo could be obtained. However, we could find a unique solution by limiting the range of the solution so that it was close to the directions in which the radar lines-ofsight were perpendicular to the geomagnetic field lines at Eregion altitudes. We set conditions of −45 • < Azimuth <90 • and 0 • < Elevation <55 • for our analysis. Echoes where the arrival angle could not be uniquely determined even under these conditions were discarded. Because the baseline length was not too long, the arrival angles for most FAI echoes were obtained without ambiguity with this method. Figure 6 (a) plots the distribution of FAI echoes across the sky. FAI echoes were distributed around the locus of perpendicularity, but widely distributed in the azimuth not only in the radar's main lobe but also in the side lobes. This figure also tells us that echoes at longer ranges, which are of- ten interpreted as echoes from a higher altitude arrive from the eastern side lobes where elevation angles are low to satisfy geomagnetic perpendicularity conditions. In the same way, echoes at shorter ranges arrive from the western side lobes where elevation angles are high. It can be observed from Fig. 4 (a) that the echo power were decreased at ranges ∼155 km and ∼185 km. These "gaps" on the RTI plot correspond to the nulls between the main and side lobes of the LTPR's beam pattern. Figure 7 plots the distribution for the true height of echoes during the rocket experiment on 3 August determined with the interferometer technique. It is easy to see that most echoes are at altitudes between 95 and 110 km and there are few echoes with the true heights higher than 120 km. As discussed by Hysell et al. (2002) , radar waves may be refracted by steep plasma density gradient around the E s layer up to ±1.5 • . However, this does not largely change estimated true heights. Since refraction occur very close to the scattering point which are shown to be around the E s layer, the error of the position owing to the refraction is small. The echo range was not a correct indicator of the echo height, but was a indicator of azimuthal arrival angles. However, weak echoes at higher altitudes (up to 120 km) have been detected by MU radar interferometry . This may be because the MU radar is much more sensitive to the FAI echoes, has a narrower radar beam, and observes in the direction much close to the geomagnetic north compared with the LTPR in the SEEK-2 campaign.
According to what has been discussed above, the echo locations of QP striations with negative range rates should move westward across the LTPR beam pattern, and those with positive range rates should move eastward. To confirm whether this occurred, we tracked the positions of various QP striations observed during the SEEK-2 campaign. Figure 8 (a) is an RTI plot for echo power observed from 23 to 24 JST on 3 August 2002, when the rockets were launched. We tracked two striations in the RTI plot. During this time period, all the striations had negative range rates. These echoes both in Traces 1 and 2 moved westward across the radar beam at an almost constant altitude of 100 km along the locus of perpendicularity (Fig. 8(b)-(e) ). There is another example obtained between 02 and 03 JST on 7 August 2002, in Fig. 9 . The range rate changed from negative to positive at 0240 JST. The tracking echo locations of Trace 3 with a negative range rate (Fig. 9(b) and (c) ) exhibited westward motion, and Trace 4 with a positive range rate (Fig. 9(d) and (e)) exhibited eastward motion. During this time interval, the true heights of echoes were almost constant at about 100 km.
Because of the high magnetic aspect angle sensitivity of FAIs, their effective radar field-of-view was quite narrow across the locus of perpendicularity and wide along it. Therefore, we concluded that the radar observes echoing regions passing across the effective field-of-view along the locus of perpendicularity like a slit camera does. The QP striations can be explained by assuming one-dimensionally elongated echoing regions passing across the slit. A single striation is often split into several clusters of echoes. For example, Trace 2 in Fig. 8(a) consists of five clusters of echoes. We found that this was not only because the echoes were at the null points of the radar beam pattern. This indicates that patchy echoing regions were organized in a line and drifted horizontally as a group.
In what follows, we discuss how we interpreted the RTI plots of QP echoes. QP striations are apparently produced by the horizontal motion of echoes at an almost constant height. A negative range rate is, for the LTPR beam pattern, interpreted as the motion of the echoing region with a westward velocity component. A positive range rate means an eastward velocity component for the moving echoing region. Gaps consistently seen in all QP striations of the LTPR around the 155 and 185 km ranges correspond to null points of the antenna pattern. Such gaps in QP striations could not be detected with the FAR. The FAR had a sharper beam, which meant more suppressed side lobes. Therefore, the FAR only detected echoes in the main lobe. This also explains why echoes detected by the FAR were limited in narrower ranges than echoes by the LTPR. If the main lobe had been pointing to geomagnetic north, echoes at shorter ranges would have arrived from the main lobe, and echoes at longer ranges would have arrived from the side lobes. If the main and side lobes had been pointing to the west of geomagnetic north, ascending striations would have been seen in an RTI plot, when descending striations were seen by the radar pointing to the east of the geomagnetic north.
Neutral wind derived from meteor echoes and FAI structure
The LTPR could detect meteor echoes as well as FAI echoes. Meteor trails are generated at altitudes of lower E and upper D region (70-110 km) and effectively reflect VHF radio waves. As they move with ambient neutral atmosphere, mean horizontal wind velocities can be estimated by finding best fit to observed Doppler velocities of meteor trails. Meteor echoes were distinguished from FAI echoes by their characteristic temporal variations in power. The same antennae that had been set up as for FAI interferometry was used to determine the locations of meteor trails. To determine the unique arrival angles of meteor echoes, we assumed that meteor echoes could be found between 75 and 105 km altitude. adopted. For solutions with elevation angles of more than 60 • , any azimuth angle was allowed. Echoes whose unique arrival angles could not be determined based on these restrictions were discarded. With meteor echoes selected according to these conditions, we estimated the neutral wind velocity with an altitudinal resolution of 3-6 km and temporal resolution of 1 hour. It should be noted that it is the neutral wind velocity over the LTPR that is derived from the meteor echo measurements, while FAIs are observed along the locus of perpendicularity. (Larsen et. al., 2005) , which was generally in agreement with our results derived from meteor echoes. The discrepancy between neutral winds derived from meteor echoes and the TMA trail may be due to the difference of observed regions. Figure 11 plots the zonal and meridional components of neutral winds from the meteor echo observations (a) before and (b) after the reversal of range rate at 0240 JST on 7 August 2002 as presented in Fig. 9(a) . Horizontal bars on the neutral wind profiles are the standard deviations in the leastsquare estimation. The altitude resolution was reduced to 6 km in this plot because fewer meteor echoes were available. There was a change in neutral wind at 103 km altitude from southeastward to northwestward corresponding to the reversal of range rate from negative to positive (Fig. 9(a) ). Table 3 compares neutral wind velocity at 100-103 km derived with the altitude resolution of 3 km and motion of the echoing region for 10 QP-echo events observed from 3 to 8 August 2002. To infer the configuration of the echoing region, we prepared a model of the drifting echoing region and neutral wind. We assumed that the echoing regions were onedimensionally elongated or a chain of patches organized in a line drifting with local neutral wind. Neutral wind velocity was not necessarily perpendicular to the major axis of the echoing region. We also assumed that they move horizontally at a constant altitude. In Fig. 12 , we showed the relationship between the true motion and the apparent motion to the radar for the echoing region elongated in various directions when southeastward wind was applied. We know direction of the apparent motion of the echoes (θ B ) from interferometry observations, and wind speed (v n ) and its direction (θ W ) from simultaneous meteor observations. The true angle of the major axis of the echo region (θ E ) can be estimated as suggested in the figure. All angles are measured anti-clockwise from the geographic east. When the major axis of the echoing region is northwest-southeast ( Fig. 12 (1) and (2)), the apparent motion of echoes is eastward if θ E >θ B , and westward if θ E <θ B . When the major axis of the echoing region is northeast-southwest, (Fig. 12 (3) −(5)) echoes will not move apparently if θ E =θ W , move eastward if θ E >θ W , and move westward if θ E <θ W . A similar model can be constructed for any neutral wind direction. On 3 August 2002, when the rockets were launched, the estimated θ E was 75 • , that is, the estimated wavefront was from north-northwest to south-southeast. At this time, v n was 52 m/s −1 to west-northwest which was very close to the direction normal to the estimated wavefront. This orientation of the wavefront and its relationship to the neutral wind is the same as indicated by Fig. 12 (1) . As the wind direction of this case is reversed from the figure, the motion of the echoing region is also reversed. Time delay of echo appearance of the LTPR behind the FAR is estimated from the observed wind velocity and θ E as 18. We wish to point out that winds measured by LTPR were used instead of those measured from the TMA trail (released during rocket upleg) although the latter measurements were geographically closer to the radar echoes than the former. If the TMA winds measured between 100 and 105 km were used, the results would not change significantly. This seems to justify using the neutral wind velocity derived from meteor echoes for this analysis. Having found that similar results could be obtained by using winds measured by LTPR in place of those from TMA technique, we proceeded to use LTPR winds for nights when TMA derived winds were not available.
We estimated θ E for the ten events including 3 August 2002. The results are summarized in the fourth column of Table 3 . In most cases, we estimated that θ E were between 0 • and 20 • . This means that the frontal structures are elongated east-west and are slightly tilted anti-clockwise. To summarize this, typically a range rate is negative (positive) when a frontal structure of echoing regions elongated eastnortheast−west-southwest drifts with southward (northward) neutral wind. This is consistent with the tendency for the echoes to appear at the FAR earlier than at the LTPR, which is located south of the FAR as mentioned in Sect. 3.
Discussion
Semidiurnal behavior of range rates for QP echoes was observed by Pan and Tsunoda (1999) . They found that the range rates for QP echoes changed their signs from negative to positive around 22 LT and from positive to negative again around 04 LT. They related this to the semidiurnal tide of lower thermospheric wind. Neutral wind measurements simultaneous with FAI observations have been done by TMA releases from sounding rockets to produce snapshots of neutral wind profiles. In the SEEK-2 campaign, we observed FAIs and neutral wind continuously, which made it possible for the first time to compare QP echoes and neutral wind behavior. Between 02 and 03 JST on 7 August 2002, reversal of the range rate was observed as we can see from Fig. 9(a) . The reversal occurred at 0230 JST, which is even later than the 22 LT reported by Pan and Tsunoda (1999) , coinciding with the change of neutral wind. Throughout the SEEK-2 observation, such reversal after 22 LT was not clear, and negative range rates were very often observed later than 22 JST. From our observations, we knew that a negative (positive) range rate corresponded to westward (eastward) motion along the locus of perpendicularity. This is apparent motion depending on the shape and direction of motion for the echoing region as discussed in the previous section.
Recently , Hysell et al. (2004) conducted simultaneous observation of E s layers and QP echoes by the Arecibo incoherent scatter radar and a 30-MHz coherent scatter radar. They found patchy structures of E s forming wavefronts by the incoherent scatter radar when the QP echoes were observed by the coherent scatter radar. They also found bands of echoing region elongated in the east-west direction by the coherent scatter radar. The band structure found by them could corresponds to the wavefront inferred by our analysis. Larsen (2000) argued that the horizontal wavelengths of Kelvin-Helmholtz structure could be ∼8-16 km. The size of the patches of echoing regions observed by the LTPR was 10-30 km as shown in Figs. 8 and 9. By observing FAIs and neutral wind simultaneously with interferometry measurements, we showed that the motion of these structures were closely related to the background neutral wind by simultaneous FAI and meteor echo observations. Yamamoto et al. (1997) showed that wavefronts of QP echoes were aligned with the direction from northwest to southwest and propagated southwestward, which were different from our results that the wavefronts were often aligned east-northeast−west-southwest. They used the MU radar and a portable VHF radar separated by approximately 40 km and compared the RTI plots by non-interferometry observation. Since analysis was done for the data in relatively short period, ten events in six nights from 3 to 8 August 2002, possibility for the wavefronts to be aligned in northwestsoutheast should not be excluded.
The instability of E s layer proposed by Cosgrove and Tsunoda (2002) suggests that the growth rate maximizes when the wave front is in northwest-southeast direction. The growth rate shown by them are nearly zero or slightly negative for the typical wave fronts obtained by our analysis which are aligned in east-northeast to west-southwest. Onoma et al. (2005) observed atmospheric gravity waves (AGWs) at altitudes of approximately 86 km and 96 km altitudes using an airglow imager located near the FAR site from 1 to 8 August 2002. They found that a dominant direction atmospheric gravity waves propagated was southeastward when FAIs were observed by the LTPR. Our findings where the frontal structures of FAIs were predominantly eastnortheast to west-southwest direction seem to indicate the importance of the AGWs in the generation process of QP echoes.
Conclusion
We conducted observations of FAI echoes, especially QP echoes, associated with midlatitude sporadic-E layers in the southwest of Japan with the LTPR and the FAR. The radars were located 40 km apart and utilized together with two rocket experiments. The LTPR measured FAIs and neutral wind simultaneously and continuously by interferometry measurements. the LTPR and the FAR very often provided similar shapes for QP echoes with certain lag times. Echoes typically appeared 10 min earlier at the FAR than at the LTPR. This suggests that plasma irregularities associated with E s layers are not distributed randomly but are organized with a correlation length of more than several tens of kilometers.
One of the important findings is that QP structures of the FAI echoes were horizontal in this experiment. We also find that the QP structures are well explained by the spatial variability and motion of the neutral atmosphere. By tracking echoes of QP striations, we confirmed the suggestion by Hysell et al. (2002) that echoes would come from side lobes in addition to the main lobe. It was clear that QP striations on RTI plots were produced by the horizontal motion of echoing regions across the field of view of the radar along the locus of perpendicularity. Few echoes were detected at altitudes higher than 120 km or lower than 90 km. QP echoes with negative range rates appeared on the eastern side lobes at longer ranges. As they moved westward along the locus of perpendicularity at constant altitude with decreasing range through the main lobe to the western side lobes, which was still to the east of geomagnetic north, distances to the scattering points decreased. Echoes with positive range rates, on the other hand, moved eastward. Echoing regions seem to be one-dimensionally elongated, and often patchy and aligned.
QP echoes have been reported to propagate often southeastward by previous studies (e.g. Yamamoto et al., 1997) . The E s layer instability mechanism proposed by Cosgrove and Tsunoda (2002) is most effective in this direction. By analyzing movement of the echoes and the neutral wind during the SEEK-2 period, however, we found that the echoing region was aligned north-northeast to south-southwest propagating west-northwestward on 3 August 2002, when the rockets were launched. And it was often, eight out of ten QP events in the present study, aligned east-northeast to west-southwest. This shows that QP echoes can be observed not only when the echoing regions are aligned northwest to southeast as suggested by Cosgrove and Tsunoda (2002) . This was made possible for the first time by the simultaneous observations of neutral wind and FAIs with interferometry measurements. Onoma et al. (2005) reported from their airglow observations that a predominant direction of propagation of atmospheric gravity waves was southeastward when QP echoes were observed. Their result is consistent with ours. This finding indicates that AGW seeding of QP echoes cannot be ignored. In practice, AGWs, the E s layer instability, and the shear instability (Larsen, 2000) may intricately interrelated with each other. To distinguish between those effects, more extensive simultaneous observations of FAIs, neutral wind, and AGWs are necessary.
